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WITHDRAWABLE BASE MODULE FOR
SWITCH

FIELD

Embodiments of the present disclosure generally relate to

a switch, and more specifically to a withdrawable base
module for a switch.

BACKGROUND

Currently, 1n order to perform quick repair or replacement
ol a switch, a withdrawable base module 1s usually used 1n
a switchgear to install the switch. The withdrawable base
module 1s usually mounted on a busbar or a main circuit of
the switchgear, and the switch 1s mounted on the base
module by rocking in the withdrawable base module. By
using the withdrawable base module, it 1s possible to imple-
ment the repair or replacement of the switch without turning
oil a main power supply at an upper end of the switch, while
reducing the power outage time and the power outage area.
In addition, the withdrawable base module usually needs to
be operated with a rocker. Therefore, 1n order to enable users
to determine the current position of the switch throughout
the operation, there must be a mechanism in the withdraw-
able base module to indicate the position and state of the
switch.

The traditional withdrawable base module usually 1ndi-
cates only two positions: an open position and a close
position. When an auxiliary circuit of the switch is tested, a
main circuit of the switch needs to be connected. During the
test (debugging), there will be a large impact on a load of the
main circuit. In addition, the current withdrawable base
module 1s designed to indicate the switch position 1 a
continuous rotation manner, that 1s, the position and state of
the switch are usually indicated by aligning a corresponding,
position or state with an indication arrow. Due to the
inevitable error in manufacturing, such an imndication method
1s liable to cause a deviation i1n the indication, thereby
causing unclear indication and causing trouble to the user. At
present, although some withdrawable base modules may
achieve correct and accurate status indication, the function
needs to be mmplemented by employing a complicated
operation logic, which increases the design, manufacturing
and maintenance costs.

SUMMARY

Embodiments of the present disclosure provide a with-
drawable base module for a switch, which 1s capable of
separately providing a test circuit for the switch to avoid
adversely aflecting the load. Furthermore, the rocking-1n or
rocking-out of the switch can be implemented without
additional human tervention.

An aspect of the disclosure discloses a withdrawable base
module for a switch. The withdrawable base module com-
prises a base coupled to a busbar electrically connected to
the switch; a conversion assembly coupled to the base and
comprising a drive mechanism, a first female contact and a
carrying mechanism adapted to carry the switch; and an
auxiliary assembly being slidable relative to the conversion
assembly and comprising a first male contact electrically
connected to the switch; wherein the drive mechanism 1s
operable to drive the auxiliary assembly to cause the first
male contact to move towards and contact the first female
contact to only close a test circuit for the switch.
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In some embodiments, the carrying mechanism includes
a rotating shaft protruding towards the switch, and a bearing
portion being rotatable about the rotating shaft and adapted
to carry the switch.

In some embodiments, the conversion assembly further
comprises a switch drive plate coupled to an end of the
bearing portion, and operable to move in response to a
turther operation of the drive mechanism after the test circuit
1s closed, to cause the bearing portion to rotate about the
rotating shaift to drive the switch to move towards the base,
such that the switch contacts the base to electrically connect
the switch to the busbar to close a main circuit of the switch.

In some embodiments, the drive mechanism comprises a
worm operable to rotate about 1ts own axis; a worm gear
coupled to the worm and being adapted to rotate about an
axis perpendicular to the worm 1n response to an rotation of
the worm; and a drive pin arranged on an outer circumier-
ence of the worm gear and being parallel to the axis, the
drive pin adapted to rotate about the axis with an rotation of
the worm gear.

In some embodiments, the auxiliary assembly comprises
an auxiliary drive plate on which the first male contact 1s
mounted, the auxiliary drive plate and the switch drive plate
being parallel to each other.

In some embodiments, the auxiliary drive plate comprises
an auxiliary drive straight groove extending in a second
direction perpendicular to a first direction of movement of
the auxiliary dnive plate, and the switch dnive plate com-
prises a main arcuate groove with a center being located on
the axis, wherein the drive pin 1s arranged to slide within the
auxiliary drnive straight groove through the main arcuate
groove to drive the auxiliary drive plate to move.

In some embodiments, the auxiliary drive plate further
comprises an auxiliary arcuate groove in communication
with the auxiliary drive straight groove, a center of the
auxiliary arcuate groove 1s located on the axis, and the
switch drive plate comprises a main drive straight groove 1n
communication with the main arcuate groove and extending
in the second direction; wherein the drive pin 1s arranged to
slide within the auxiliary arcuate groove through the main
drive straight groove to drive the switch drive plate to move.

In some embodiments, the conversion assembly further
comprises: a cam being coaxial with the worm gear and
adapted to rotate with the worm gear; an indicating wheel
comprises an indicator for indicating a state of the switch
arranged on an outer circumierence of the indicating wheel;
and a push rod with one end abutting against a circumfier-
ential profile of the cam and the other end being coupled to
the indicating wheel, to drive the indicating wheel to rotate
in response to an rotation of the cam to indicate a current
state of the switch.

In some embodiments, the circumierential profile of the
cam comprises a plurality of diameter-enlarged segments
and circular arc segments, the plurality of diameter-enlarged
segments and circular arc segments are connected to one
another.

In some embodiments, the conversion assembly further
comprises an elastic member arranged between the push rod
and the mdicating wheel and configured to cause the push
rod to abut against the circumierential profile of the cam.

In some embodiments, the conversion assembly further
comprises a housing to at least partially receive the switch
drive plate, the drive mechanism and the indicating wheel,
the housing comprising an indication window for indicating
the current state of the switch.

In some embodiments, the conversion assembly further
comprises a cover being parallel to the switch drive plate and
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comprises a stopping portion towards the switch drive plate;
and the drive mechanism further comprises a self-locking

mechanism pivotally arranged on the drive pin and com-
prising a self-locking pin and a protrusion protruding
towards the axis; wherein 1n a case where the drive pin has
slid to an end of the main arcuate groove adjacent to the
main drive straight groove, the self-locking pin abuts against
a side wall of the main arcuate groove and the protrusion 1s
blocked by the stopping portion.

In some embodiments, the cover comprises a {irst arcuate
guide groove arranged to overlap the main arcuate groove
and the auxiliary arcuate groove to provide guidance for the
drive pin when the drive pin slides along the main arcuate
groove and the auxiliary arcuate groove.

In some embodiments, the cover includes a second arcu-
ate guide groove for the bearing portion to pass through and
adapted to provide guidance for the bearing portion when
the bearing portion rotates about the rotating shaft.

In some embodiments, the first arcuate guide groove
comprises an inner chute formed on an 1ner side wall of the
first arcuate guide groove adjacent to the axis, and the inner
chute substantially protruding substantially in the first direc-
tion such that 1n a case where the drive pin slides within the
main drive straight groove to drive the switch drive plate to
move, the seli-locking pin slides along the mnner chute.

In some embodiments, the main arcuate groove comprises
a main chute formed on an outer side wall of the main
arcuate groove away Irom the axis, the main chute extending
away Irom the axis to make the self-locking pin to slide
within the main chute and slide into the main arcuate groove
when the drive pin slides within the main arcuate groove,
and the first arcuate guide groove comprises an outer chute
tformed on an outer side wall of the first arcuate guide groove
away from the axis, and the outer chute overlapping the
main chute.

In some embodiments, the cover further comprises a
straight guide groove extending in the first direction, and the
switch drive plate further comprises a guide block protrud-
ing towards the cover, the guide block adapted to slide
within the straight guide groove to provide guidance for a
movement of the switch drive plate.

In some embodiments, the base further comprises a sec-
ond female contact arranged to be electrically connected to
the busbar; and the withdrawable base module further com-
prises a mounting assembly, the auxiliary assembly being
attached to the mounting assembly (108) and moveable
relative to the mounting assembly, the mounting assembly
comprising a recerving portion adapted to receive the switch
and an engagement portion coupled to the carrying mecha-
nism; and a second male contact via which the switch
contacts the second female contact to close the main circuait.

Further features of the present disclosure will be made
apparent through the following descriptions of exemplary
embodiments with reference to figures.

It should be appreciated that Summary of the Invention 1s
not intended to identify key or important features of embodi-
ments of the present disclosure, not 1s it intended to limit the
scope of the present disclosure. Other features of the present
disclosure will be made apparent through the following
depictions.

BRIEF DESCRIPTION OF THE DRAWINGS

Through the following detailed description with reference
to the accompanying drawings, the above and other objec-
tives, features and advantages of example embodiments
disclosed heremn will become more comprehensible. In the
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drawings, a plurality of embodiments of the present disclo-
sure will be 1llustrated 1n an exemplary and non-limiting

manner, wherein:

FIG. 1 illustrates a perspective view of a withdrawable
base module and switch according to exemplary embodi-
ments of the present disclosure;

FIG. 2 1illustrates a perspective view of a withdrawable
base module and a switch according to exemplary embodi-
ments of the present disclosure, wherein a housing of a
conversion assembly of the withdrawable base module 1s
omitted to facilitate display of the mterior;

FIG. 3A to FIG. 3C illustrate side views of a process of
using the withdrawable base module according to exemplary
embodiments of the present disclosure to rock 1n the switch;

FIG. 4A to FIG. 4C illustrate perspective views of a
mounting assembly of the withdrawable base module as
viewed from different angles, according to exemplary
embodiments of the present disclosure;

FIG. 5 1illustrates a perspective view ol a conversion
assembly of the withdrawable base module according to
exemplary embodiments of the present disclosure;

FIG. 6 illustrates a perspective view of a conversion
assembly of the withdrawable base module as viewed from
another angle, according to exemplary embodiments of the
present disclosure;

FIG. 7 illustrates an internal side view of a conversion
assembly of the withdrawable base module according to
exemplary embodiments of the present disclosure;

FIG. 8A to FIG. 8C illustrate perspective views of a
process of using the conversion assembly of the withdraw-
able base module according to example embodiments of the
present disclosure to rock in the switch;

FIG. 9A to FIG. 9C illustrate side views of a process of
using the conversion assembly of the withdrawable base
module according to example embodiments of the present
disclosure to rock in the switch;

FIG. 10A to FIG. 10C illustrate internal side views of a
process of using the conversion assembly of the withdraw-
able base module according to example embodiments of the
present disclosure to rock 1n the switch;

FIG. 11A to FIG. 11C illustrate iternal side views of a
process of using the conversion assembly of the withdraw-
able base module according to example embodiments of the
present disclosure to rock 1in the switch, wherein a cover of
the conversion assembly 1s omuitted;

FIG. 12 illustrates a side view of a cam according to
example embodiments of the present disclosure.

DETAILED DESCRIPTION

Embodiments of the present disclosure provide a with-
drawable base module for a switch. With the withdrawable
base module according to embodiments of the present
disclosure, on the one hand, it 1s possible to separately
provide a test circuit for the switch, thereby avoiding
adverse eflects on the load and the main circuit. On the other
hand, the withdrawable base module can realize the rocking-
in or rocking-out of the switch without additional human
intervention, and 1s more convenient to operate, thereby
improving eiliciency.

Principles of the present disclosure will now be described
with reference to various example embodiments illustrated
in the drawings. It should be appreciated that the depiction
of these embodiments i1s only to enable those skilled 1n the
art to better understand and further implement the present
invention, not intended for limiting the scope of the present
invention in any manner. It 1s noted that wherever practi-
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cable similar or like reference numbers may be used 1n the
figures, and may indicates similar or like functionality. One
skilled 1n the art will readily recognize from the following
description that alternative embodiments of the structures
and methods illustrated herein may be employed without
departing from the principles of the present disclosure
described therein.

As used herein, the term “includes” and its variants are to
be read as open terms that mean “includes, but 1s not limited
to.” The term “based on” 1s to be read as “based at least in
part on.” The term “one implementation” and “an 1mple-
mentation™ are to be read as “at least one implementation.”
The term “another implementation™ 1s to be read as ““at least
one other implementation.”

In the current switchgear, 1n order to facilitate quick
overhaul or maintenance of the switch, the withdrawable
base module 1s usually used to install the switch. A conven-
tional withdrawable base module indicates only two posi-
tions: an open position and a closed position, and cannot
indicate a separate test position, so that the main circuit
needs to be closed when the switch 1s tested. This will have
a large 1mpact on the load of the main circuit during the test
and, 1n extreme cases, damage the load.

In addition, the conventional withdrawable base module
indicates positions of the switch 1n a continuous rotation
manner. In this manner, the positions of the switch are
usually indicated by aligning a corresponding indication
with an arrow. However, due to the inevitable error in
manufacturing, such method i1s liable to cause a deviation in
the indication, thereby causing misjudgment of the position
of the switch. Although some withdrawable base modules
may 1mplement correct state indication, the correct state
indication needs to be implemented by employing compli-
cated operation logic and structure, which increases the
designing, manufacturing, and maintenance costs.

In the process of rocking the withdrawable base module
in or out, the traditional withdrawable base module usually
requires additional human intervention to adjust the angle
and position of certain components to eventually rock the
switch 1n or out. This method causes 1nconvenience in the
use ol the withdrawable base module. In addition, 11 the
operation 1s improper, the operation might make 1t diflicult
for the switch to be rocked 1n or rocked out, or damage the
switch.

Embodiments of the present disclosure provide a with-
drawable base module 100 that allows the switch 200 to be
rocked 1n or out without additional human intervention, to
address or at least partially address the above and other
potential problems of the conventional solution.

An mmprovement ol the withdrawable base module 100
according to exemplary embodiments of the present disclo-
sure will be described 1n detail below with reference to
FIGS. 1 through 12. FIG. 1 shows a perspective view of a
withdrawable base module 100 and a switch 200 according,
to exemplary embodiments of the present disclosure; FIG. 2
illustrates a perspective view of a withdrawable base module
100 and a switch 200 according to exemplary embodiments
of the present disclosure, wherein a housing 106 of a
conversion assembly 102 of the withdrawable base module
1s omitted to facilitate display of the internal structure.

In general, as shown in FIGS. 1 and 2, the withdrawable
base module 100 according to embodiments of the present
disclosure mcludes a base 101, a conversion assembly 102,
and an auxiliary assembly 103. The base 101 is coupled to
a busbar of the switchgear for electrically connecting the
switch 200. The conversion assembly 102 1s coupled to the
base 101, for example, 1n some embodiments, the conver-
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sion assembly 102 1s coupled to the base 101 wvia bolt
fastening. It should be understood that the manner 1s merely
exemplary and 1s not intended to limit the scope of the
disclosure. Any suitable coupling manner i1s possible. For
example, 1n some embodiments, the conversion assembly
102 may also be coupled to the base 101 by means of a plug
connection, snap-iit connection, or the like.

As shown 1n FIGS. 2 and 5, the conversion assembly 102
comprises a drive mechanism 104, a first female contact
1022 (auxiliary female contact), and a carrying mechanism
1023 for carrying the switch 200. The first female contact
1022 1s used to contact a first male contact 1031 (auxiliary
male contact) to close a test circuit. The first male contact
1031 1s disposed on the auxiliary assembly 103. After the
switch 200 1s placed on the withdrawable base module 100
in a specific manner which will be further illustrated below,
the user or operator may actuate the drive mechanism 104 by
virtue of an operation member 300 (for example, an Allen
wrench), as shown in FIGS. 1, 2 and 3A. The auxiliary
assembly 103 1s thereby driven by the drive mechanism 104
to slide relative to the conversion assembly 102 to cause the

first male contact 1031 to move towards and contact the first
female contact 1022, thereby closing the test circuit, as
shown 1n FIG. 3B.

Signal lines may be arranged on the first male contact
1031 and the first female contact 1022, and 1s connected to
signal lines of some sensors or microswitches on a control
unmt (not shown) and the switch 200. Contacting of the first
male contact 1031 with the first female contact 1022 will
connect the control unit to the sensors or microswitches to
test some performance of the switch 200.

It may also be seen from FIG. 3B that a second male
contact 1082 (main male contact) and a second female
contact 120 (main female contact) on the base 101 for
closing the main circuit do not contact with each other, that
1s to say, only the test circuit 1s closed at this time, whereas
the main circuit 1s not closed. It may be seen that, unlike the
conventional withdrawable base module, the withdrawable
base module 100 according to embodiments of the present
disclosure further comprises the first male contact 1031, the
first female contact 1022 for closing the test circuit. When
the function test of the switch 200 1s performed, 1t 1s only
necessary to close the test circuit without closing the main
circuit, thereby ensuring the power use safety of the load on
the main circuit and ensuring the safety when the switch 200
1s tested.

Furthermore, 1n some embodiments, the first male contact
1031, the first female contact 1022 may be disposed to be
selectively mountable on the withdrawable base module
100. The user mstalls the first male contact 1031 and the first
temale contact 1022 when the switch 200 needs to be tested.
Such arrangement may further reduce costs.

After the test of the switch 200 1s completed, the user
continues to operate the operating member 300 without
performing any other additional operations, so that the
second male contact 1082 may be brought into contact with
the second female contact 120 on the base 101 to close the
main circuit, as shown 1n FIG. 3B and FIG. 3C. This process
will be further elaborated below. As may be seen from the
above process, unlike the conventional withdrawable base
module, the withdrawable base module 100 according to
embodiments of the present disclosure makes 1t only nec-
essary to operate the operation member 300 without addi-
tional human interventions, during the period from the time
when the switch 200 1s placed on the withdrawable base
module 100 to the time when the main circuit 1s closed. This
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makes the installation and maintenance of the switch 200
more convenient, and reduces the work intensity and
improves the efliciency.

In addition, the rocking 1n or out of the switch 200 1s
implemented without an additional access stroke, which
cllectively reduces the size of the withdrawable base module
100 or the size of the switchgear for receiving the with-
drawable base module 100, and thereby can eflectively
reduce the size of the switchgear in which the withdrawable
base module 100 1s mounted.

It should be appreciated that the process of rocking the
switch 200 out of the withdrawable base module 100 1s
similar to the process of rocking in. It 1s possible to
sequentially open the main circuit of the switch and open the
test circuit by only operating the operation member 300
reversely without additional human interventions. In the
following description, the operation principle of the with-
drawable base module 100 will be described by taking an
example of the switch 200 being rocked in the withdrawable
base module 100.

In some embodiments, the switch 200 1s placed on the
base 101 by a mounting assembly 10. A perspective view of
the mounting assembly 108 1s as shown 1n FIG. 4A through
FIG. 4C. The mounting assembly 108 comprises a receiving
portion 1083 for receiving the switch 200 and an engage-
ment portion 1081 that can be coupled to the carrying
mechanism 1023 as shown 1n FIG. 5. The recerving portion
1083 may be of a U-shaped shape or any other suitable
shape. By providing the mounting assembly 108, on the one
hand, 1t 1s possible to, by adjusting the structure of the
receiving portion 1083, enable the base 101 to receive a
plurality of types of switches 200, thereby improving the
versatility of the withdrawable base module 100. On the
other hand, the mounting assembly 108 has a structural
strength that enables more stable engagement of the switch
200 and the withdrawable base module 100, thereby improv-
ing the stability of the switch 200 1n use.

The second male contact 1082 may be disposed on the
mounting assembly 108, and the contacts on the switch 200
may be coupled to the second male contact 1082 1n a suitable
manner such that the switch 200 1s electrically connected
with the busbar by causing the second female contact 120 to
be 1in contact with the second male contact 1082, to close the
main circuit. For example, as shown i FIG. 1, FIG. 2 and
FIG. 3B, the contacts on switch 200 may be coupled to
second male contacts 1082 by being pressed with a bolt
1084, so that the switch 200 may be more conveniently
mounted to the receiving portion 1083 of the mounting
assembly 108. It should be understood that the above
embodiments where the contacts 1s coupled to the switch by
being pressed with a bolt 1084 are merely exemplary and are
not intended to limit the scope of the present disclosure. Any
other suitable way 1s possible. For example, the contacts of
switch 200 may be coupled to the mounting assembly 108 by
plugging.

The auxihiary assembly 103 may be attached to the
mounting assembly 108 and can move relative to the mount-
ing assembly 108. In some embodiments, as shown 1n FIG.
2, the auxiliary assembly 103 may include an auxiliary drive
plate 1034 for mounting the first male contact 1031, and the
auxiliary assembly 103 may be attached to the mounting
assembly 108 via the auxihiary drive plate 1034. FIG. 3A
shows a state when the switch 200 has just been placed on
the base 101 via the mounting assembly 108, and FIG. 3B
shows that the drive mechanism 104 has driven the auxiliary
assembly 103 to slide and driven the first female contact
1022 to contact the first male contact 1031. It can be seen
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that 1n this manner, the auxiliary assembly 103 may slide
relative to the mounting assembly 108, and during the
process that the test circuit 1s closed, the mounting assembly
108 and the switch 200 thereon are stationary, thereby
ensuring that the first male contact 1031 contacts the first
female contact 1022 without the main circuit.

FIG. 5 shows a perspective view of the conversion
assembly 102 of the withdrawable base module 100, and
FIG. 6 shows a perspective view of the conversion assembly
102 as viewed from another angle. As shown in FIG. 5 and
FIG. 6, in some embodiments, the carrying mechanism 1023
comprises a rotating shaft 10235 and a bearing portion 1026.
The rotating shaft 1025 1s pivotally arranged on the housing
106 of the conversion assembly 102. The bearing portion
1026 1s rotatable about the rotating shaft 1025, and the

engaging portion 1081 of the mounting assembly 108 as
shown in FIG. 4A may be hooked on the bearing portion
1026 such that the rotation of the bearing portion 1026 about
the rotating shaft 1025 may drive the switch 200 to move
towards the base 101 to close the main circuit.

As shown 1n FIG. 5 and FIG. 6, 1n some embodiments, the
bearing portion 1026 and the rotating shaft 1025 may be
connected with each other by a connecting sheet 130 to
achieve the above-described eflect that the bearing portion
1026 rotates about the rotating shaft 1025. As shown, the
bearing portion 1026 and the rotating shait 1025 may be
connected with each other through corresponding holes 1n an
upper surface of the connecting sheet 130, respectively. In
this way, the bearing portion 1026 and the rotating shaft
1025 may be connected with each other 1n an easy-to-
assemble manner.

It should be understood that the manner in which the
bearing portion 1026 and the rotating shait 1025 are con-
nected with each other by the connecting sheet 130 1s merely
exemplary and 1s not intended to limit the scope of protec-
tion of the present disclosure. Any other suitable connection
manners are also possible. The bearing portion 1026 and the
rotating shatt 1025 may also be connected with each other
by a connecting plate or a connecting rod or the like.

In some embodiments, the bearing portion 1026 may be
driven to rotate by a switch drive plate 1024 of the conver-
sion assembly 102. The switch drive plate 1024 1s disposed
inside the conversion assembly 102 with one end of the
bearing portion 1026 being coupled to the switch drive plate
1024, as shown 1n FIG. 6. Furthermore, an auxihiary drnive
plate 1034 of the auxiliary assembly 103 as shown in FIG.
4A to FIG. 4C 1s disposed outside the conversion assembly
102 and parallel to the switch drive plate 1024. After the test
circuit 1s closed and the corresponding test operation 1is
completed, the drive mechanism 104 1s further actuated by
the operating member 300 as shown 1n FIG. 1 to drive the
switch drive plate 1024 to move, so that the bearing portion
1026 1s drniven to rotate, thereby driving the mounting
assembly 108 thercon and the switch 200 to move to close
the main circuit, as shown 1n FIG. 4B and FIG. 4C.

In this way, the drive mechanism 104 according to
embodiments of the present disclosure may be operated by
the operating member 300 to sequentially drive the auxiliary
assembly 103 and the switch drive plate 1024 to move to
close the test circuit and the main circuit 1n succession. FIG.
2 shows a perspective view of an interior of the conversion
assembly 102, and FIG. 7 shows an side view of the interior
of the conversion assembly 102 of the withdrawable base
module 100, wherein it specifically shows the drive mecha-
nism 104 1n accordance with some exemplary embodiments
of the present disclosure.
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As shown 1n FIG. 2 and FIG. 7, in some embodiments, the
drive mechanism 104 comprises a worm 1041 and a worm
gear 1042 that are coupled to each other. The worm 1041 can
be operated by the operating member 300 to rotate about its
own axis, thereby causing the worm gear 1042 to rotate
about an axis X perpendicular to the worm 1041. In some
embodiments, an end of the worm 1041 may have a hex nut
head, and the operating member 300 may be an Allen
wrench to rotate the worm 1041 by inserting the operating,
member 300 1nto the hex nut head.

It should be understood that the manner in which the
worm 1041 1s driven 1s merely exemplary and i1s not
intended to limit the scope of the disclosure. Any other
suitable structures are also possible. For example, 1n some
embodiments, the worm 1041 may also be driven by a motor
(not shown) in response to a predetermined signal.

As shown in FIG. 2 and FIG. 7, 1n some embodiments, the
drive mechamism 104 may also comprise a drive pin 1043
that 1s arranged on a circumierence of the worm gear 1042
and extends parallel to the axis X. The drive pin 1043 1s
rotatable about the axis X as the worm wheel 1041 rotates.
As shown 1n FIG. 2, FIG. 4B and FIG. 4C, the auxiliary
drive plate 1034 comprises an auxiliary drive straight groove
1032 formed thereon. The auxiliary drive straight groove
1032 extends 1n a direction (referred to as a second direction
V for ease of discussion) perpendicular to a direction (re-
ferred to as a first direction H for ease of discussion) of
movement of the auxiliary drive plate 1034.

Referring back to FIG. 6, the switch drive plate 1024
comprises a main arcuate groove 109 formed thereon. A
center of the main arcuate groove 109 1s located on the axis
X such that sliding of the drive pin 1043 within the main
arcuate groove 109 does not drive the switch drive plate
1024 to move. The drive pin 1043 may slide 1n the auxiliary
drive straight groove 1032 through the main arcuate groove
109, thereby causing the auxiliary drive plate 1034 to slide
in the first direction H.

FIGS. 8A to 11C show perspective views and side views
of the withdrawable base module 100 during the switch 200
being rocked in. FIG. 3A, FIG. 3B, FIG. 8A, FIG. 8B, FIG.
9A, FIG. 9B, FIG. 10A, FIG. 10B, FIG. 11A and FIG. 11B
respectively show a process 1n which the drive assembly 104
drives the auxihary drive plate 1034 to cause the first male
contact 1031 to contact the first female contact 1022. It may
be seen that while the auxiliary drive plate 1034 slides along
the first direction H to drive the first male contact 1031 to
contact the first female contact 1022, since the drive pin
1043 slides within the main arcuate groove 109, the drive
pin 103 does not drive the switch drive plate to slide, thereby
not driving the switch 200 thereon to slide toward the base
101.

Returning to FIG. 2, FIG. 4B, FIG. 4C and FIG. 6, the
switch drive plate 1024 further includes a main arcuate
straight groove 110 that 1s in communication with the main
arcuate groove 109 and extends 1n the second direction V,
and the auxiliary drnive plate 1034 further comprises an
auxiliary arcuate groove 1033 formed thereon which 1s 1n
communication with the auxiliary drive straight groove
1032. A center of the auxiliary arcuate groove 1033 1s
located on the axis X. After the drive pin 1043 of the driving
assembly 104 drives the auxiliary drive plate 1034 to move
to cause the first male contact 1031 to contact the first female
contact 1022, the drive pin 1043 will be 1n a state where the
drive pin 1043 has already slid along the auxiliary drive
straight groove 1032 to the end of the auxiliary drive straight
groove 1032 and shid into the auxiliary curved groove 1033.
In the meantime, the driven pin 1043 slides along the main
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arcuate groove 109 to the end of the arcuate groove 109 and
slides into the main drive straight groove 110, as shown 1n
FIG. 3B, FIG. 8B, FIG. 9B, FIG. 10B and FIG. 11B.

In this case, as the operating member 300 i1s further
operated, the drive pin 1043 will further rotate about the axis
X. The shiding of the drive pin 1043 within the main drive
straight groove 1032 may drive the switch drive plate 1024
to move, thereby driving the bearing portion (shait) 1026 to
rotate to drive the mounting assembly 108 and the switch
200 thereon to move towards the base 101 and close the
main circuit. At the same time, since the drive pin 1043
slides 1n the auxiliary arcuate groove 1033, 1t does not drive

the auxiliary drive plate 1034 to further move, and finally the
state shown 1n FIG. 3C, FIG. 8C, FIG. 9C, FIG. 10C, and

FIG. 11C 1s reached.

It can be seen from the above that 1n some embodiments,
sequential turn-on of the test circuit and the main circuit 1s
achieved by providing the main arcuate groove 109, the
main drive straight groove 110, the auxiliary arcuate groove
1033, and the auxiliary drive straight groove 1032, and the
drive pin 1043 sliding therein and rotating about the axis X.
Further, the switch drive plate 1024 and the drive mecha-
nism 104 are at least partially disposed in the housing 106.
It may be seen that the above functions are realized by a
simple and compact structure, so that the withdrawable base
module 100 according to an embodiment of the present
disclosure occupies small room and 1s more convenient to be
installed 1n the switchgear.

It should be understood that the above-described embodi-
ments 1 which the test circuit and the main circuit are
sequentially turned on through groove-and-pin cooperation
are merely illustrative and are not intended to limait the scope
of the disclosure. Any other suitable structures or arrange-
ments are also possible. For example, in some embodiments,
the above functions may also be achieved by means of a link

fit.

In some embodiments, as shown 1n FIG. 4A and FIG. 8A,
the conversion assembly 102 further includes a cover 107
for at least partially closing the housing 106. The cover 107
1s disposed between the switch drive plate 1024 shown 1n
FIG. 6 and the auxiliary drive plate 1034 shown 1n FIG. 4A,
and 1s parallel to the two, respectively. An arcuate guide
groove (referred to as a first arcuate guide groove 1072 for
case of discussion) 1s provided at a corresponding position
on the cover 107. The first arcuate guide groove 1072
overlaps the main arcuate groove 109 and the auxiliary
arcuate groove 1033, and its center 1s located on the axis X
to provide guidance for the drive pin 1043 during rotation.

It should be understood that the withdrawable base mod-
ule 100 may be mounted 1n the switchgear 1n any suitable
manner. 1T the withdrawable base module 100 1s 1nstalled 1n
the switchgear 1n a vertical state, the switch 200 may cause
the carrying shaft 1026 to rotate due to 1ts own gravity after
the test circuit 1s turned on and before the main circuit 1s
turned on. The carrying shait 1026 in turn drives the switch
drive plate 1024 to move, thereby misaligning the switch
drive plate 1024 and the auxiliary drive plate 1034. This
situation might make it impossible to achieve the process of
driving the drive pin 1043 to drive the switch drive board
1024 and the auxiliary drive plate 1034.

In view of this case, in some embodiments, as shown 1n
FIG. 9B and FIG. 10B, the cover 107 1s formed with a
stopping portion 1071 that protrudes toward the switch drive
plate 1024. The stopping portion 1071 may be formed 1n any
suitable manner, such as by stamping or the like. The dnive
mechanism 104 also includes a self-locking mechanism
1044 that 1s pivotally disposed on the drive pin 1043. The




US 10,855,061 B2

11

self-locking mechanism 1044 includes a seli-locking pin
1045 and a projection 1046 that projects toward the axis X.

With the above structure, after the test circuit 1s turned on,
1.e., when the drive pin 1043 slides along the main arcuate
groove 109 to the end of the main arcuate groove 109, as
shown 1n FIG. 9B and FIG. 10B, the self-locking pin 1045
will abut against a side wall of the main arcuate groove 109,
and the projection 1046 i1s blocked by the stopping portion
1071.

In this case, since the cover 107 1s stationary, the projec-
tion 1046 1s blocked by the stopping portion 1071 on the
cover 107, and the self-locking pin 10435 abuts against the
side wall of the main arcuate groove 109 of the switch drive
plate 1024. Therefore, even 1if the gravity of the switch 200
applies a force to the carrying shait 1026 to rotate it, the
switch drive plate 1024 does move in the first direction H
due to the interaction of the stopping portion 1071, the
seli-locking pin 1045 and the side wall of the main arcuate
groove 109. The above structure ensures that regardless a
state 1n which the withdrawable base module 100 1s installed
in the switchgear, the switch drive plate 1024 and the
auxiliary drive plate 1034 and the respective grooves
thereon are not misaligned. This also ensures that the
withdrawable base module 100 can smoothly allow the test
circuit and the main circuit to turn on sequentially.

The above process describes that by virtue of the seli-
locking mechanism 1044 and the stopping portion 1071, the
switch drive plate 1024 does not undergo undesired move-
ment due to the gravity of the switch 200. However, 1n the
case where the drive pin 1043 drives the switch drive plate
1024 to move 1n the first direction H, the self-locking
mechanism 1044 will drive the seli-locking pin 1045 not to
abut against the side wall of the main arcuate groove 109.
Theretfore, 1n the case where the drive pin 1043 drives the
switch drive plate 1024 to move, the seli-locking mecha-
nism 1044 does not restrict the sliding of the switch drive
plate 1024,

Since the self-locking mechanism 1044 itself also has a
certain self-weight, 1f it 1s not limited, 1n some states, the
self-weight of the seli-locking mechanism 1044 may also
cause undesired movement of the seli-locking mechanism,
thereby aflecting the self-locking. performance and the
rocking-in and rocking-out of the switch 200. Therefore, in
order to avoid positional misalignment due to the seli-
weight of the self-locking mechanism 1044, 1n some
embodiments, an inner chute 1073 1s formed on an 1nner side
wall which 1s of the first arcuate guide groove 1072 of the
cover 107 and adjacent to the axis X, as shown 1n FIG. 8C.
The mnner chute 1073 generally extends in the first direction
H and slightly toward the axis X.

When the drnive pin 1043 drives the switch drive plate
1024, the inner chute 1073 ensures that the self-locking
mechanism 1044 may move 1n a desired posture. In addition,
since the drive pin 1043 drives the seli-locking pin 1045 to
rotate via the seli-locking mechanism 1044, the self-locking,
pin 1045 also undergoes a certain translational movement
along with the switch drive plate 1024. Therelore, the inner
chute 1073 1s provided so that the seli-locking pin 1045 may
slide along the inner chute 1073 during the process that the
drive pin 1043 drives the switch drive plate 1024 to move 1n
the first direction H.

In some embodiments, an outer chute 1074 1s formed on
an outer sidewall of the first arcuate guide groove 1072 away
from the axis X, and the outer chute 1074 extends away from
the axis X, as shown 1n FIG. 8C. Correspondingly, a main
chute 1091 overlapping the outer chute 1074 1s also pro-

vided on the switch drive plate 1024, as shown 1n FIG. 11A
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and FIG. 11B. While the drive pin drives the auxihiary drive
plate 1034 to move, that 1s, during the movement from FIG.
11A to FIG. 11B, the mutually-overlapping main chute 1091
and outer chutes 1074 ensure that the self-locking mecha-
nism 1044 may move 1n a desired posture.

As can be seen from the above, 1t 1s possible to, by
providing the mner chute 1073, the main chute 1091 and the
outer chute 1074, ensure that the self-locking mechanism
1044 moves in a desired posture. Therefore, with the above
structure, 1t 1s possible to realize that the drive pin 1043
sequentially drives the switch drive plate 1024 and the
auxiliary drive plate 1034 to move, respectively, without
requiring additional intervention. This significantly
improves the convenience of rocking the switch 200 1nto the
withdrawable base module 100.

In some embodiments, the cover 107 may further include
an arcuate guide groove (referred to as a second arcuate
guide groove 1076 for ease of discussion) for guiding the
rotation of the bearing portion 1026, as shown 1n FIG. 9B
and FIG. 9C. In some embodiments, the switch drive plate
1024 further includes a guide block 1021 protruding toward
the cover 107, and at a corresponding position on the cover
107 1s provided a straight guide groove 10735 extending 1n
the first direction H, as shown 1n FIG. 9B and FIG. 9C. The
guide block 1021 1s slidable within the straight guide groove
1075 to provide guidance for movement of the switch drive
plate 1024 1n the first direction H to make the sliding of the
switch drive plate 1024 smoother.

In some embodiments, the guide block 1021 may be
formed toward the cover 107 by stamping the switch drive
plate 1024. It should be appreciated that the embodiment in
which the guide block 1021 1s formed by stamping 1s merely
illustrative and 1s not intended to limit the scope of the
disclosure. Any other suitable structures or arrangements are
also possible. For example, 1n some embodiments, the guide
block 1021 may also be mounted on the switch drive plate
1024 by plugging, welding, or riveting.

Referring back to FIG. 2 and FIG. 7, 1n order to achieve
an accurate indication of the state of the switch 200 1n the
above process, 1n some embodiments, the conversion assem-

bly 102 further includes a cam 1027, an indicating wheel
1028 and a push rod 1029. The cam 1027, indicating wheel

1028 and push rod 1029 may be located within housing 106.
The cam 1027 1s coaxial with worm gear 1042 and 1is
rotatable along with worm gear 1042. The indicating wheel
1028 1s provided on its outer circumierence with an indica-
tor 150 capable of displaying the state of the switch 200, as
shown 1n FIG. 7. The indicator 150 may have an indication
of a plurality of states including, for example, but not limited
to a test state, a connected state, and so on.

The push rod 1029 1s disposed between the cam 1027 and
the mdicating wheel 1028. One end of the push rod 1029
abuts against a circumierential profile of the cam 1027 and
the other end 1s pivotally coupled to the indicating wheel
1028. The circumierential profile of the cam 1027 includes
a plurality of diameter-enlarged segments of and circular arc
segments that are connected to one another, as shown 1n
FIG. 12. As the cam 1027 rotates along with the worm gear
1042, the different circular arc segments and the diameter-
enlarged segments will contact the push rod 1029. During
the contacting of the diameter-enlarged segment with the
push rod 1029, the push rod 1029 will move toward the
indicating wheel 1028 due to the change in the diameter of
the diameter-enlarged segment. This movement of the push
rod 1029 causes the indicating wheel 1028 to rotate, thereby
cellecting instant changes of information displayed by the
indicator 150.
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When the circular arc segment contacts the push rod 1029,
the push rod 1029 does not move, and the indicating wheel
1028 therefore does not rotate, and the state information
displayed by the indicator 150 does not change at this time.
It can be seen that the angle of the diameter-enlarged
segment and the circular arc segment may be adjusted
according to the rotational position of the worm gear 1042
and the relationship between the switch drive plate 1024 and
the auxiliary drive plate 1034 to realize the display of the
desired information. For example, 1n the case that the drive
pin 1043 drives the auxiliary drive plate 1034 and drives the
first male contact 1031 to contact the first female contact
1022, the indicator 150 1s enabled to indicate that the switch
200 1s 1n a “test” state by adjusting the diameter-enlarged
segment and the circular arc section of the cam 1027.

As may be seen from the above, the withdrawable base
module 100 according to an embodiment of the present
disclosure may realize the instant changes and accurate

display of the states of the switch 200 by the simple structure
of the cam 1027 and the push rod 1029. This simple

construction also significantly reduces the manufacturing
and assembling costs of the withdrawable base module 100.

In some embodiments, an elastic member 1020 may also
be disposed between the push rod 1029 and the indicating
wheel 1028, as shown 1n FIG. 7. The elastic member 1020
may be a compression spring. The elastic member 1020 may
be disposed 1in a groove formed by the push rod 1029, and
both ends thereol respectively abut against and push an outer
wall of the indicating wheel 1028 and a bottom wall of the
above-mentioned groove of the push rod 1029 to apply the
cam 1027 a force toward the push rod 1029, such that the
push rod 1029 is held in abutment against the axial contour
of the cam 1027. In some embodiments, as shown 1n FIG. 6,
an 1indication window 1061 may be provided at a location of
the housing 106 of the conversion assembly 102 correspond-
ing to the indicator 150 of the indicating wheel 1028, to help
the user to observe the status displayed by the indicator 150.

It should be understood that the above embodiments of
the cam 1027 and the indicating wheel 1028 that implement
the precise display of the state of the switch 200 are merely
exemplary and are not intended to limit the scope of the
disclosure. Any other suitable arrangements or structures are
also possible. For example, in some embodiments, the
display of the state of the switch 200 may also be accom-
plished by a linkage.

Although some specific embodiments of the present dis-
closure have already been displayed in detail by way of
examples, those skilled in the art should appreciate that the
above examples are only itended to exemplarily but non-
restrictively limit the scope of the present disclosure. Those
skilled 1n the art appreciate that the above embodiments may
be modified without departing from the scope and essence of
the present disclosure. The scope of the present disclosure 1s
limited by the appended claims.

In the description and claims hereunder, unless otherwise
additionally needed in the context, the terms “comprise” and
“include” are understood as including the illustrated com-
ponents or component groups, without excluding any other
components or component groups.

Citations of any prior art in the description are not, and
should not be considered as admitting to 1mply that these
prior art constitute the common knowledge.

It should be appreciated that the claims below are
examples of possible claims, and are not intended to limat
the scope of the claims to any future patent application based
on the present application. It i1s possible to add components
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to or delete components from the exemplary claims in the
future to further limit or re-limit the present disclosure.

We claim:

1. A withdrawable base module for a switch, comprising:

a base coupled to a busbar electrically connected to the
switch, the base comprising a second female contact
arranged to be electrically connected to the busbar;

a conversion assembly coupled to the base and compris-
ing a drive mechanism, a first female contact and a
carrying mechanism adapted to carry the switch;

an auxiliary assembly being slidable relative to the con-
version assembly and comprising a first male contact
clectrically connected to the switch;

wherein the drive mechanism 1s operable to drnive the
auxiliary assembly to slide to cause the first male
contact to move towards and contact the first female
contact to only close a test circuit for the switch; and

a mounting assembly, the auxiliary assembly being
attached to the mounting assembly and moveable rela-
tive to the mounting assembly, the mounting assembly
comprising:

a recerving portion adapted to receive the switch,

an engagement portion coupled to the carrying mecha-
nism, and

a second male contact via which the switch contacts the
second female contact to close the main circuit.

2. The withdrawable base module of claim 1, wherein the
carrying mechanism comprises:

a rotating shaft protruding towards the switch, and

a bearing portion being rotatable about the rotating shaft
and adapted to carry the switch.

3. The withdrawable base module of claim 2, wherein the

conversion assembly further comprises:

a switch drive plate coupled to an end of the bearing
portion, and operable to move 1n response to a further
operation of the drive mechanism after the test circuit
1s closed, to cause the bearing portion to rotate about
the rotating shaft to drive the switch to move towards
the base, such that the switch contacts the base to
clectrically connect the switch to the busbar to close a
main circuit of the switch.

4. The withdrawable base module of claim 3, wherein the

drive mechanism comprises:

a worm operable to rotate about 1ts own axis;

a worm gear coupled to the worm and operable to rotate
about an axis perpendicular to the worm 1n response to
a rotation of the worm; and

a drive pin arranged on the worm gear and being parallel
to the axis, the drive pin being adapted to rotate about
the axis with a rotation of the worm gear.

5. The withdrawable base module of claim 4, wherein the
auxiliary assembly comprises an auxiliary drive plate on
which the first male contact 1s mounted, the auxiliary drive
plate and the switch drive plate being parallel to each other.

6. The withdrawable base module of claim 5, wherein the
auxiliary drnive plate comprises an auxiliary drive straight
groove extending in a second direction perpendicular to a
first direction of movement of the auxiliary drive plate, and

the switch drive plate comprises a main arcuate groove
with a center being located on the axis,

wherein the drive pin 1s arranged to slide within the
auxiliary drive straight groove through the main arcuate
groove to drive the auxiliary drive plate to move.

7. The withdrawable base module of claim 6, wherein the

auxiliary drive plate further comprises an auxiliary arcuate
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groove 1n communication with the auxiliary drive straight
groove, a center of the auxiliary arcuate groove 1s located on
the axis, and

the switch drive plate comprises a main drive straight

groove 1n communication with the main arcuate groove
and extending 1n the second direction;

wherein the drnive pin 1s arranged to slide within the

auxiliary arcuate groove through the main drive straight
groove to drive the switch drive plate to move.

8. The withdrawable base module of claim 4, wherein the
conversion assembly further comprises:

a cam being coaxial with the worm gear and adapted to

rotate with the worm gear;

an 1ndicating wheel comprising an indicator for indicating,

a state of the switch arranged on an outer circumierence
of the indicating wheel; and

a push rod with one end abutting against a circumierential

profile of the cam and the other end being coupled to
the indicating wheel, to drive the indicating wheel to
rotate in response to a rotation of the cam to indicate a
current state ol the switch.

9. The withdrawable base module of claim 8, wherein the
circumierential profile of the cam comprises a plurality of
diameter-enlarged segments and circular arc segments con-
nected to one another.

10. The withdrawable base module of claim 8, wherein
the conversion assembly further comprises an elastic mem-
ber arranged between the push rod and the indicating wheel
and configured to cause the push rod to abut against the
circumierential profile of the cam.

11. The withdrawable base module of claim 8, wherein the
conversion assembly further comprises a housing to at least
partially receive the switch drive plate, the drive mechamism
and the indicating wheel, the housing comprising an indi-
cation window for indicating the current state of the switch.

12. The withdrawable base module of claim 7, wherein
the conversion assembly further comprises a cover being
parallel to the switch drive plate and comprising a stopping,
portion towards the switch drive plate; and

the drive mechanism further comprises a selif-locking

mechanism pivotally arranged on the drive pin and
comprising a seli-locking pin and a protrusion protrud-
ing towards the axis;

wherein 1n a case where the drive pin has slid to an end

of the main arcuate groove adjacent to the main drive
straight groove, the seli-locking pin abuts against a side
wall of the main arcuate groove and the protrusion 1s
blocked by the stopping portion.

13. The withdrawable base module of claim 12, wherein
the cover comprises a first arcuate guide groove arranged to
overlap the main arcuate groove and the auxiliary arcuate
groove to provide guidance for the drive pin when the drive
pin slides along the main arcuate groove and the auxiliary
arcuate groove.

14. The withdrawable base module of claim 12, wherein
the cover comprises a second arcuate guide groove for the
bearing portion to pass through and adapted to provide
guidance for the bearing portion when the bearing portion
rotates about the rotating shaft.

15. The withdrawable base module of claim 13, wherein
the first arcuate guide groove comprises an nner chute
formed on an inner side wall of the first arcuate guide groove
adjacent to the axis, and the inner chute protruding substan-
tially 1n the first direction such that in a case where the drive
pin slides within the main drive straight groove to drive the
switch drive plate to move, the self-locking pin slides along
the 1nner chute.
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16. The withdrawable base module of claim 13, wherein
the main arcuate groove comprises a main chute formed on
an outer side wall of the main arcuate groove away from the
axis, the main chute extending away from the axis to make
the seli-locking pin to slide within the main chute and slide
into the main arcuate groove when the drive pin slides within
the main arcuate groove; and

the first arcuate guide groove comprises an outer chute

formed on an outer side wall of the first arcuate guide

groove away Irom the axis, the outer chute overlapping
the main chute.

17. The withdrawable base module of claim 14, wherein
the cover further comprises a straight guide groove extend-
ing in the first direction, and

the switch drive plate turther comprises a guide block
protruding towards the cover, the guide block adapted
to slide within the straight guide groove to provide
guidance for a movement of the switch drive plate.

18. A withdrawable base module for a switch, comprising;:

a base coupled to a busbar electrically connected to the
switch;

a conversion assembly coupled to the base and compris-
ing a drive mechanism, a first female contact and a
carrying mechanism adapted to carry the switch;

an auxiliary assembly being slidable relative to the con-
version assembly and comprising a first male contact
clectrically connected to the switch;

wherein the drive mechanism 1s operable to drive the
auxiliary assembly to slhide to cause the first male
contact to move towards and contact the first female
contact to only close a test circuit for the switch;

the carrying mechanism comprising a rotating shait pro-
truding towards the switch and a bearing portion being
rotatable about the rotating shait and adapted to carry
the switch; and

the conversion assembly comprising a switch drive plate
coupled to an end of the bearing portion, and operable
to move 1n response to a further operation of the drive
mechanism after the test circuit 1s closed, to cause the
bearing portion to rotate about the rotating shaft to
drive the switch to move towards the base, such that the
switch contacts the base to electrically connect the
switch to the busbar to close a main circuit of the
switch.

19. The withdrawable base module of claim 18, wherein
the drive mechanism comprises:

a worm operable to rotate about 1ts own axis;

a worm gear coupled to the worm and operable to rotate

about an axis perpendicular to the worm 1n response to
a rotation of the worm; and

a drive pin arranged on the worm gear and being parallel
to the axis, the drive pin being adapted to rotate about
the axis with a rotation of the worm gear.

20. The withdrawable base module of claim 19, wherein

the conversion assembly further comprises:

a cam being coaxial with the worm gear and adapted to
rotate with the worm gear;

an indicating wheel comprising an indicator for indicating,
a state of the switch arranged on an outer circumierence
of the indicating wheel; and

a push rod with one end abutting against a circumferential
profile of the cam and the other end being coupled to
the indicating wheel, to drive the indicating wheel to
rotate in response to a rotation of the cam to indicate a
current state of the switch.
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